Abstract-In this paper, we proposed a symbol-based multiple phase shift keying (MPSK) soft-informationforwarding (SIF) scheme for a two-hop parallel relay wireless network in Rayleigh fading channel. First the binary information streams at the source are mapped into MPSK symbols, and the relays construct the relay processing function by passing the intermediate soft decisions. Then the relays broadcast the processed symbols to the destination. After the maximum ratio combination, the received symbols at the destination can be decided by maximum-likelihood (ML) decision. Four MPSK symbolbased forwarding schemes are investigated and the simulation results show that the bit error rate (BER) performance of soft information forwarding scheme has better BER performance than the existing memoryless forwarding scheme based on MPSK modulation, and it is more practical than the SIF scheme based on BPSK modulation.
INTRODUCTION
As we all know, wireless communication will suffer multipath fading during information transmission. The multipath fading in wireless channels is one of the main reasons hindering the increase of channel capacity and improvement of QoS [1] . As an effective way to combat shadowing and multipath fading effects of wireless channels, the study of cooperative communications has received much attention in the last decades [2] [3] [4] . Cooperative diversity as a space diversity technique, can make system obtain spatial diversity order by sharing adjacent to the users' antennas. It is therefore crucial to effectively combat or reduce the effect of multipath fading, without additional power or any sacrifice in bandwidth [5] [6] [7] .
Cooperative communications as an emerging research area, has enormous potential and implementation prospect [8] [9] . Memoryless relay schemes have gained widespread popularity due to their simple algorithm, small processing delay and low energy consumption. Memoryless relay schemes can be primarily categorized into three types: amplify-and-forward (AF), detect-andforward (DF), and soft information forwarding (SIF). AF scheme was first proposed by Laneman [10] in which the relay nodes transmit a scaled version of the signals that received from the source to destination. However, the noise part of the received signals is also amplified and forwarded as the same scaled version. Sendonari proposed the DF scheme in which relay decoded the received signals from source and forwarded the decoded results to destination [11] [12] . The DF scheme can reduce the influence of the noise part, but if the link between the source and the relay is poor, the relay can't correctly detect the received signal, which leads to an imperfect final decision at the destination. Compared with hard decision, soft information has better system performance. Based on this theorem, Gomadam proposed a soft information forwarding scheme-estimate-and-forward scheme (EF) [13] . It is optimal in terms of mean square uncorrelated error (MMSUE) and can obtain the maximum generalized signal-to-noise ratio (GSNR) at the destination. According to the basic theory of the EF scheme, the relays are used to forward the conditional expectation of the received symbol to the destination. However, the EF scheme can not guarantee good bit error rate (BER) performance in the wireless network with multiple relay. M. A. Karim proposed a novel soft forwarding technique for memoryless relay channels based on symbol-wise mutual information [14] , and this technique is also known as mutual information based forwarding (MIF). As is known that mutual information has been used in various field like medical image nonrigid registration. In probability theory and information theory, mutual information is used to measure mutual dependence of two random variables. In MIF scheme, the mutual information is first applied to cooperative relay network and used as a reliable measure in generating the soft forwarding symbols. The MIF scheme is superior to other schemes in terms of bit error rate performance.
Existing research results show that when the data rate, signal-to-noise ratio (SNR) and the number of relay are the same premise, the SIF scheme has higher reliability than the AF and the DF scheme. However, the current results still stay in binary phase shift keying (BPSK) modulation for additive white Gaussian noise (AWGN) channels. Due to the limited power of terminal equipments, the wireless communication system should select the modulation with higher power efficiency. Moreover, the MPSK modulation, with its high spectral efficiency and good anti-noise performance, has been widely used in wireless communication systems. To put the SIF scheme into practice and ensure the validity and reliability of wireless communication, we propose a symbol-based MPSK SIF scheme in Rayleigh fading channels. First the binary information streams at the source are mapped into MPSK symbols, and the relays construct the relay processing function by passing the intermediate soft decisions. Then the relays broadcast the processed symbols to the destination. After the maximum ratio combination, the received symbols at the destination can be decided by maximum-likelihood (ML) decision. Simulation results show that the data rate gradually increased while the reliability of each scheme reduced obviously with an increasing modulation order. However, the BER performance of SIF scheme is always superior to AF scheme and DF scheme. Since the CSI in practice is imperfect, we are interested in investigating the impact of channel estimation error on the MPSK symbol-based SIF scheme. The study shows that the impact of channel estimation error on the MPSK symbol-based SIF scheme increases as the CSI estimation accuracy decreases.
In Section II, the symbol model and simple mathematical descriptions are given. In Section III, the existing memoryless forwarding scheme and the proposed forwarding scheme are discussed. In Section IV, the SIF scheme with MPSK modulation is presented and its bit error performance is compared with that of the existing memoryless forwarding scheme. Moreover, the BER performance of channel estimation error of the MPSK symbol-based SIF scheme is also discussed.
II. SYSTEM MODEL
The parallel two-hop relay wireless network [15] is used as the system model, as shown in Fig. 1 . It is mainly composed of three parts: the source node S, the destination node D and K parallel relays (respectively denoted by R i , i=1, 2, 3, ..., K). We assume that all of the nodes have a half-duplex omnidirectional transmitting and receiving antenna, the direct link between the source and the destination is not available, the relay nodes forward the information from source to destination. Figure 1 . Scheme of a two-hop parallel relay wireless network In the system model, the transmission consists of two phases. In the first time slot, the source broadcasts the modulated symbols to the relays. We define that l x is the modulated symbol and P is the average energy transmitted at the source. The received symbol at the i-th relay, i=1,2, ...,K can be expressed as:
where
h is the path loss coefficient between the source and the i-th relay, which obeys the Rayleigh distribution (the channel is modeled as a Rayleigh process), i w is the complex AWGN with zero mean and variance σ 2 =N 0 /2 per dimension, for the link between the source and the ith relay. To simplify the analysis, we set N 0 =1, the SNR at the i-th relay is ρ=P/N 0 . So the received symbol model at the i-th can be rewritten as follows:
In the second time slot, the K relays forward simultaneously the regenerated versions of the received symbols to the destination. We assume that the average energy of each relay is P, the received symbols at destination can be expressed as:
where q (•) denotes the corresponding relay processing function, D w is the complex AWGN with zero mean and variance σ 2 =N 0 /2 per dimension, in the link between the ith relay and the destination. We can see that the received symbols at the destination are the sum of the symbols transmitted by relays.
III. MPSK SYMBOL-BASED PORWARDING SCHEME IN RAYLEIGH FADING CHANNELS
We assume that the binary information streams at the source are
The conditional probability density function at the i-th relay in Rayleigh fading channels is:
A. Existing Memoryless Forwarding Scheme
In the AF scheme, the relays forward the amplified versions of the received symbols via the amplification factor quantifying to the destination, and the relay processing function of the AF scheme can be expressed as:
,, () is the amplification factor.
Then, each relay broadcasts the processed information symbols to the destination. After the maximum ratio combination, the received symbols at the destination can be denoted as:
The received symbols can be decided by maximumlikelihood decision: In the DF scheme, the relays make the received symbol to a hard decision. Therefore, the relay processing function of the DF scheme can be written as: 
The same as the AF scheme, each relay broadcasts the processed symbols to the destination. After the maximum ratio combination, the received information symbols at the destination can be denoted as:
The received symbols can also be decided by maximum-likelihood decision: In formula (11), the conditional expectation of the received information symbols at the relays is: Then, each relay broadcasts the processed information symbols to the destination. After the maximum ratio combination, the received information symbols at the destination can be denoted as: In the MIF scheme, the relays construct the relay processing function via making a hard decision of the received information symbols and calculating the corresponding mutual information. The mutual information as a reliability measure can assist the destination to make accurate decisions. The relay processing function of the MIF scheme can be expressed as: The average mutual information can be computed as follows [16] : y . It is obvious that larger average mutual information represents more reduction of uncertainty, which is equivalent to the forwarded symbol being more reliable. In this paper, the average mutual information can be used to reflect the reliability of the forwarded symbol.
The hard decision at the relays can be given by: 
We can see that the hard decision ,SR i y in (17) is equivalent to the hard decision of the DF scheme, so the MIF scheme can be regarded as a combination of the DF scheme and the average mutual information. Then, each relay broadcasts the processed symbols to the destination. After the maximum ratio combination, the received information symbols at the destination can be denoted as: 
IV. SIMULATION RESULTS AND PERFORMANCE ANALYSIS
We use a two-hop parallel relay wireless network as the system model, and the channels being Rayleigh fading channel. We use the AF, the DF, the EF and the MIF scheme with QPSK and 8PSK modulation, respectively. In all circumstances, we assume that the SNR between the source and the relay is the same with the SNR between the relay and the destination and set N 0 =1. We also assume that the CSI (channel state information) at the destination is perfect. Fig. 2 shows the SNR of the MIF scheme in a two-hop parallel relay wireless network when K=2, after QPSK modulation, at BER = 10 -4 . We can see that the MIF scheme can achieve around 1dB, 2.4dB and 8.8dB SNR gain over the EF scheme, the DF scheme and the AF scheme, respectively. After 8PSK modulation, at BER=10 -4 , there is little difference between the MIF and the EF scheme, which can achieve around 2dB and 6.8dB more gain over the DF and the AF scheme, respectively. In addition, in the low SNR region, the BER performance of the EF scheme is superior to the MIF, the DF and the AF scheme. From Fig. 3 we can see that when K=3, after either QPSK or 8PSK modulation, the MIF scheme always has better BER performance than the EF, the DF and the AF scheme. Comparing Fig. 2 with Fig. 3 , we can also observe that the BER performance doesn't change significantly in Rayleigh fading channels as the relays increase.
The BER performance of the MIF scheme in Rayleigh fading channels when K=2 is shown in Fig. 4 . The data rate gradually increases with the increase of the modulation orders, whereas the reliability of each scheme is significantly reduced. It can be seen that the MIF scheme based on BPSK has the best BER performance, but the validity of data transmission can't be guaranteed. However, we all know that the CSI is not perfect in practice. Then, we are interested in investigating the impact of channel estimation error on the MPSK symbolbased SIF scheme. In this case, channel estimation at the destination has to be identified blindly. Hence, we model the estimated channel as [17] :
where the entries of  are independent identically distributed zero-mean circularly symmetric complex Gaussian variables with unity variance and The effect of channel estimation error on the QPSK symbol-based SIF scheme has been examined and the results are displayed in Fig. 5 . We can see that for a twohop parallel relay wireless network when K=2, after QPSK modulation, the BER performance has an error variance 2 =0.1 e  . And we can get the conclusion that the impact of channel estimation error on the MPSK symbolbased SIF scheme in high SNR region is larger than the impact in low SNR region. In addition, the erroneous channel estimation can lead to a BER performance lower bound contrary to the perfect CSI case shown in Fig. 5 . This lower bound problem is serious when the SNR is very large. In other words, the impact of channel estimation error on the MPSK symbol-based SIF scheme increases as 2 e  increases. The complexity calculation of different forwarding schemes at the relays can be regarded as a linear function of L. Table 1 lists the computation of different forwarding schemes in any moment, which consists of real number multiplication (×), addition (+), taking the maximum value (max), the exponent (exp) and the logarithm (log). 
We assume that a complex multiplication is equivalent to 4 real multiplications and 2 real additions in the analysis. As it's difficult to obtain the closed-form solution by using the definite integral during the process of calculating the mathematical expectation, and it needs a longer runtime to get the values, we can take advantage of the arithmetic mean instead of mathematical expectation when the source sequence is longer. The received symbols at the relays are only normalized to amplified versions in the AF scheme, so the AF scheme involving only multiplication and addition of real numbers, has the lowest complexity and does not change as the L changes. In general, the MIF scheme has the highest algorithm complexity at the relays and the EF scheme ranks second, both of which are much higher than the DF scheme.
At the destination, formula (10), (14) and (17) explain that the DF, the EF and the MIF scheme have the same detection complexity, while formula (7) shows that the detection complexity of the AF scheme is much higher than the others.
V. CONCLUSION
In this paper, we study the SIF scheme after MPSK modulation for the two-hop parallel relay wireless network with Rayleigh fading channels. Simulation results show that when the user requires a higher data rate, after higher order modulation, the SIF scheme performs better than the AF and the DF scheme in terms of BER performance. In the low SNR region, the EF scheme is superior to the MIF scheme. While in the high SNR area, the MIF scheme is optimal. In addition, the modulation constellation should not be too large, which not only guarantee the validity of the data transmission, but also ensure the reliability. Due to the imperfect CSI in practice, the impact of channel estimation error on the MPSK symbol-based SIF scheme increases as the estimation accuracy of the CSI decreases. And there is large space for improvement. In general, the proposed scheme has better BER performance than the existing memoryless forwarding scheme based on MPSK modulation, and it is more practical than the SIF scheme based on BPSK modulation.
